mn^mmffff (jp) 



(12)11% 1^ 



(45)5!ffB ^«10^(1998)10fl27B 



(B2) 

||2816365-^ 

(24)SSB ^1*10^(1998) 8 ^21 B 



(51) Into.' 

C 2 3 F 4/00 

HOIL 21/302 

H 0 5 H 1/46 



F I 

C 2 3 F 4/00 

H0 5H 1/46 

HOIL 21/302 



A 
A 
Z 



8i«3ao»2(^25S) 



(2i}ais#^ 


^S72— 251522 


(73)#fRSw 


999999999 










(22)fBHB 


2 ^(1990)9^195 




54K#«i»r 4 «12^ 






(73)#ffF«l« 


99999^999 




4$P|3|Z4- 128393 






(43)i;iRIB 


¥JS4^(1992) 4^280 




3£^imm8TB16»9^ 




ipjS 4 ^(1992) 7^100 


(72)f8IH« 






JF7- 18847 




tUS, 8 T B 1 6» 9 ^ 




7 ^(1995) 8^315 


(74)f^A 


#3il± ft^ 
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uiea Mm 











(54) [»Q9cr>«li:l ^i^^Jl^Hfe^tCJc-StllSMSSttlXilS 



1 

(57) [i|$itif*<DffiH] 



iSiii^mE^BfiiajjnxfflmgtcEn/jnL., 



3 

*»B^«. 7S^j!7;U mmW) JS:tB«r*iJffll//cM^« 
C6e*©SSI5D 10 

sssLn^^A'tt-ricjjnx^jtfertf <*^*s. ms^crais 
®^±±tt]x*^f /cd?)CDc^t>89) -ssffi^jraxo^ff-c 

:^tHMA*5Pi^U/cEEM (Elastic Emission Machin 
inq) (!|tig^l-236939^^$g) ^*^«)<tL-C. 

ftfifj/jnxst?&2>. cn6«. i^pj&jRigpiiR 30 

*ijiaii4*5^c < . 5t^fi<jtc{±±»nxji*±i5is#^K:aiii 

r. ^-^i'^^ K!^-<-;l'tcJ;^^^-»d/JtlDXa<&ffl 

t >/cJs^. *® jjnxMSttjftffl ^ ^ ^ K J: ^mmm. 
^ct,^. $/c. w^flnxicMur. sEBitrfflc^fciJe*©:^ 40 
**jfflLfc7djnxsc>'^JDX^«:*ii,»-cfe, Jnxsici^ 

©iiffll4Scjni?f^^tt3;-c#«Lfcttixs<i: urcvw (c 

hemical Vaporization Machining) S^EL- 




8 1 6 3 6 5 



4 

^laffiSOi)nX=&tf ^ i^:*; JHSI&{C cfc -S jte 
M«?&ttIXSIB*«^-rS.'^,(C* 4. 

(CUT, J;0^t^JSl5tt<D?^U4'14^i>*-'L'ic^;l-cH 

XftODCt-Cfe-So 

r5 D "tmw^^i^fo^Mm^miLm^^-t s i i jc . 

XfflS@©3fi«|-C^^U/c^tt;</XK:»-5< 

«: J; o T WSlaiiT. ^ JgjSi l. TStKttfcSA/c ^ 
iU^r^L.. e[*147i;^*JUi*SflnXi^^«^-r-2>MT- 
l^<o=>v>t} ;1/JSi£:k: J: rflfe G/c^^igj®* 
«{b3-i+rK5*L. iSEflnx!B5^flnxL.r^c^^i?;^7Jus 
I&(cj:.5MS«^*nX^g-CaboT. mriesii?ft«si 
U r jffilK 5^ - :^ ?:l*3im b /c{iWj:3}£|sittM^?|g 

^«6S=&fflt.>-C^IIS tl/ciS^?g^«BE5rB!riaflnXfflS«i 

©iSE^ (csi^-r -s i i (c . B«iaSiffl2Smj^©)s?s?^ 
jraxfflsstcEnftj^nsmi. ijixffl^iMtti 

SDX^S=&«RKU;fc. 

JE€: BuiEJjnxfflsgK: En»n oxrj:i>c^ sue 

C!>m(*#H«*{CieLA:S*nXiBJ©ififi5tC. S^tcEPflO 
i^t> )V i t!![*nX!^*^J?S-r -SlS^Xtt^i S^* 

jgf&tcj; r> -r^ c/c»^l}3«*m{b3i±-c}jnxa5^*^ 



(3) 



m'f2 8 1 6 3 6 5 



■smjEi, ft]Xfflm@t^g»nx^ra<D}rax+> v vt 

cfc^«:bt:c>4ii4>{c. -<:i->K:<i:-5T«J]nx^cc« 
®*|l{4*5^ D -5) J: ^ -i;>=S:-^^L i>Ct ^mMHit 

( 1 ) zf^x-^cMommmit 

cal Vaporization Machining) "C**). finX<D^jfiS{* 30 

ii-r i X ^ u > y•?>^»J«J^'PfflK: j: o , «® «a« 
»nx^KJi*5j^^^niciK:^c2>. cn». 



(^■^XvcVMtD^m) 

m«MlttS©^# l>l^.-7-A5MflnX!B5«ffi©M^ i 
B i m 2 Jl©PBl©M^±l*i|f < t£ i,fc^ic . ^BM^© 

PI C < *fii»{c^ t^ff ffl©***iJffl L-rfc«3. "iJtt^y 
:^/^l'©aS5:^^-S C i J: o TiSfflIX!B5©<vtf44>a^ 
tih(0^m^RV^i>, U-^X. CVW*1vt*4rtgpK:??ifiE-r 

-sa ^ (Dxmncmn < se3fc©m«{a«rtjnxs i s^j: o . ® 

C©®fi(C7*^X-7^fiJfflLit4.©^7'-5'Xvcv 

MiP^yf^ i8;E;^»^H^fl:tt>©S!t>'hSlfflF«iK:7'-7X^ 
*®Jl©SS''hfi©|i^*U3i»^'C#^ct>3&5. 7'-7X-rcvMr 

»y5x•7^^^=s:^l^x©il^f i i 4>cc^«*«ia]^4 

Ci{Cj:i3. *S[SnX!g5©tt»r**>oItBfC-r-64>©-Ccb 

■So c©j;^(co-c:/a'X-7cvMr«. iJe3fc©M«{a«jtti 

XS<!:J:b'<-C»nX^««*Sfi5«>Tii>^j:C^tt]X*s, */c. 

jjnx*s^«g<b^c^„ 

■5*^. *BB^©*nxMar*-s-?'-7XvcvMt?», ^ 

<i:^S»nX^i©rBl«:iSi^?^fi|??r*il:t^Ci(cJ:f3. m 

14^t Lfctptt^ t©aiSJSc&%*<Jffl ur»nx5:tf 
^©r*2>. c©^. M«3ii>^©<5f^iK^*i:T^i:>SK:;*: 

C€>©^P;§<-/c*, ^@KEnJn$n-2>^«:7'^XvSr 

^Hs-<:i->«SW©^^b«:iiS£-c#^j: mgtcfij 

c©t«css-c»tS[»nx!e5--©m^^. >(^i^<D'ismifi^i^rj: 

PB#k:. siOb. Ai,Q3©cfc-5^cCSfi^f*©»nX*^pI#liJ^j: 
•So Mcc. ^M»nx-c«H»r*-3fc-fe^5 ->'^x©jjn 

X^S:MSK:^f AS J: {c^S:^), 

flnxa«:ic;cr«^^j:jf$**©m@?:Sffl-rsc 
0 . irax©jitf t i 4> tct^ttix^ i ©p^ r-tiit asb ^ if 
s©me*ffli^sit^tc«. ¥®jnx (^u ^'i^>i^) 




•Xdc. ^■^Xvrt-csac:-2)jg:jSfco(,>ra'<.5). 
^Xvrfj-c», SiitS3!)S(S<:A:Sl5^*5tp14^T- (il-^^) 

»®< (i(r'«>gK) . (7* h» ^simu-c-e 







He : m^Wi^^ 


He 


24.587 


*19.82 
5IC20.62 


Ne 


21.564 


*16.62 
4:16.72 


Ar 


15.759 


*11.55 
*11.72 


F 


17.422 






15.83 




C] 


12.967 


HcO.ll 
HC8.9 


Ch 


11.59 




SFe 


15.69 


--9.8 
14.3 
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8 



■r. 







F-F (Fa) 


1.60 


Cl-Cl (CU) 


2.48 


S-F (SFe) 


3.34 


C-F (CF*) 


5. 10 



C<DJ;5 4C. JSr&:^;XiCffl(,^.2>^<D^^x^JU+'- 

:TsStt:</x^©«^©'f:t><bx*;i'=¥^-SLO*a«a 
VJ3> (Si) , TJl'S^'fA (Al) i-ecDSJ'fbi^© 

|ftl^^fX*i^t>tir 7-;;»i^b^fPffl3&iSto-ClS 
< (««HE14S4.0) , $/cC©i*©lSJt;*RS13JT& 

•s Si F, <Dm^t>mi.> cti)^ e> { b=^)si&?*©^® *^ ^ © 
30 -r. 

Si + 4r — SiF, T 

F' A:W-C»^c<. SFs, F,, Cl,l¥*«^ffitC®lPUfc*i 

1 ~2eVfigO^{glx*;l/+'-©Mii>*s|ac.5o C 
nt* sifflij*^ 6®«:9-^'^m^*iiiSA-r ^ c i tci: o r ^ 

c©J: (cfiSfHur t,i^ctiSF,-^r^^Xvi^-r^40/cs 

F, (x;l~5) t^mmi^^mLfcm^Vh, X5»g=->d/ 
AO S/cSiQ,€:x.^5^>dfrSlS^. S«^ttB[©:!«^#t» 

ii^iSSn^o -ec-CMTcli^i^^&fflO^-CSiQ^E^rS 
i^. CF,^fflC^^lS^WK«»g^*iJ5f£t-^C 

tJSic;-r€>c<t-CHF7ii^sn. cn«:j:osiQ,>&sx-; 
50 $fc. si©x •^g^>y»ca,, Fci,^mi^:*/x(c 



(5) 
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9 

si+4a' ^sici, T 









T^cDm«BE(Torr)^^ 


(K) 


(K) 








SiF4 


^196 


mm 




143 


160 


SiCU 


203 


331 




238 


278 


AiFa 


1564 


mm 


1229 


1316 


1419 


AlCU 


•463 


*456 




397 


425 



10 



1 fri2.0atmT<73lit 
2^i2.5atmX-coM 
3tih0atm-ecD^ 

Ai+3cr ->Aia3 T 

ca3+*^«®*ffiSl/Aiza*S7E*rsc<f:tcJ:o 
Ai,(^ + 3a2 + 3CD-»2Aia3 T + 3coi T 

AlzQj + SCOClj-^ZAia, T +3CQ, T 
A1zQ, + 2CCls+-^2AlC3lT+COT+CQt T 



20 



30 



40 



10 





(K) 


(K) 


Tiat7)^^(Torr) ^<rc 


10-* 


10"" 


10-^ 


10-^ 


AIF3 


1564 




982 


1033 


1090 


1155 


BaFa 


1^ 


2510 


1208 


1300 


1403 


1535 


CaFz 


1676 


2773 


1377 


1476 


1585 


1702 


MgF, 


1521 


2533 


1237 


1327 


1428 


1535 





TiBco|^».ff (Torr) ^^-TSKCK) 


10-^ 


10^ 


10-^^ 


10-^^ 


AIF3 


1155 


1229 


1316 


1419 


BaFs 


1535 


1714 


1954 


2244 


CaFa 


1702 


1914 


2128 


2443 


lfeF2 


1535 


1724 


192 


2280 



50 



mm&mnE=Eo sin ( 2 TcfO rt-coM®^^ f 

u= (eAEo s1n (2 Ttft) /2m) tmitibili>, C 




11 

'l=0.38/f- (e AEo/2m) '^'iti-^^^o 
f ^ 0.38/d • ( e A E. /2m) ' 'kmfcirc tiii-Smmi 

StrS A e itt? P^l CC. Hell^©Sgt3&^ pJtB i ft S J: 
^ftHlftf] (e AeEo=24.58eV) "CS^^JiSi-r S^tfe 

f, (GHz) ^558/cl (Mm) 

z, 50wm-Cll.2GHziftf9. m^=-?:ffifie-r-5/cd?>(C«v 
dCH^^irWM ( e A , E« = I9.82e\/ ( HetDSiSitllSS 

fi (MHz) ^5870/cl ( /Ltm) 

t ft C n J: 0 . JjnX=¥^ + 7" d m X' 587MHz. 

SOMm-CXLTMHziftS. C©»^. S^ttfiffirlTftCi 

© - i'^ D ft t > = 

fitsmf ^fti=>*5. c ne.©itm-cff ^.nfcjgjgtj©^ 
•3 ?iiii> $ i±-cjnx-c # 4 i JiiW 3 . 

(2) * -:'7=--f >;^$|g 
(^M©«t^) 

*^BJ©^i^*JHStEK:J:^MSf»?gJnxi^g«. M 

«nx!^ 1 tjjnxfflm@2 ^©ffl^tegM^Rcmixffls 

ffiflnx (^'j •:;^^>i^^g) . ?t»nx. ^?Lirax«©« 

tivT-A^^ i'^gA «, m 1 HKiTK-r^p < BiffeJnxffl 

j«?«?SlO i i © > f - > X 2 1+ S 

gi5tcBuiaM»nx^ 1 Ro'j]nxfl3m@2 ^K-r 2. i t 

{C. ]grS*fx*$t?^IBSlSi{** 1 miEUi±©iS)E^r- 
1 <biJnXfflm2 <i:©ti)!tag5r^ib3-lt^S|f)Slg50 



6) !t$flF2 8 16 3 6 5 

12 

j^ .^'heoi. #g|5©t««g^^^l^T-S^2>•t^7o<i;, i^-fe> 
•9- 70©«-^*<A:^ 3 n . &SI5{c*iJ®ft#* ai:^3-r S 3 > 
f - 3!p 6 ft -5 fdfflii^asoi *i 6«RS; s ti ^ , 

-&g|5© njsjiascix 7" f > - if x»•t^ - * - ^ 
^©IEIftffl*-^»Tlg»Sih,. ^©^^t^Sa-fe>-9-70 

X . "f-sbmrn b /c«® t»t@,(c ft J: ^» {cSflfflS^gsor mi 

10 -eor. B<iiBii5JSi^«mo©jg<^^&*ij®L'. m-^m 

20©5^*-x>i^iS:^f ^iifetc. Jg|CB;«/xa?©SfeS€r 
ISg5L-CJgtt^ll40rt©II;^^ii^L', Mtc31«3Sg50 

^m'&Lx. t^ttix^ 1 <i:Snxfflm@2©ta>ct{is*^ 
^b3-ti?s»nx!gj 1 ?:^wr-s©-c*i.. 

tm-ir^c.tx-:f='X-7mM^W'\^^fm^w&\^. m 

X©SF^^^#6?:j«Jt>TC:>-5, ^©/cJ?>Jg:cc;;^7X^^tf 

— «S{CJSrc>*'X (SF6> C\2m) ^f*©lS!£7"^Xv 

©^^. «}^©§:^ft^tt*'X (HG.N^) tCjCOJS 

©«^. T-^X-^^^fiSf^MmSi-T-^^^rS^^^^XK: 
J; 0 > c ©^K «m^^t»J^t£: *> ?>:^^m^^^^^m^ 
a-rsci**?). ctiK:J:2)iSlc::*fx©Sb|a-?>fgat*s<jg 

c©*i-^> ;frgtt*'xiJgio;^^x©ffli-^t>i+ic<fc'3. 

30 gtL/fc^?Stt>?/X3&i6Sf&:yXCCi:^;U+'-^-^;^SJl 

^. -e©Jgi£;»r®a»^*a^n©iS{4«^©FHl©P^K 

s*^^^¥^^e*^fa3&sM<fts©■c. ^^'^x-r^j^a 

/h3<ft0. ttJX©^ra^3>^#e*^W^ S*^. C©B#:^/X 

EJjt. mmn:<m 1 1 jraxsms 2 i ©r^ps (flnx=¥^ + 

40 < 3|->?S:}f«-r-Si^Mi3&«**). ■?-©/c*«:iOOMHz>Ji± 

©^2g^©iB^ismffi**DXffl^@2 ^cE[H^■ri.t^^«*5 
$)<o. -e©/c*{cfflii-sis;ijgsmo», ^tgsniis 
jajSitiiiiSi2*^ e. ft 0 . ^tgsii-c^^s n/ci46iJH^ 

li;s?Sit*iSi2-c0fMS:^«:*ti|ii^S 
©r^-So *llSfe^-c«. jnx^i- "^7"^io~2ooMm 

lia©ffiHCC^^O/c©-C. Hui^©in< :i->fiS*Dj 

mt-ri>mmtLx. siS?^i46MHz©i^©*^b-ci^ 

iSriBl^ffiSUi*. Sjei&®ffl*l ~520li«z-CPl^<i: 

tsL, ai:'3U-^-'l'»-20~123dBAiragt^ (-133--+10 
50 dBm) X-$}'0. ai:^-r >f-^>X«50Q, VSWR1.2|^T 



(7) 
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13 



14 



x'$)'o, ■e©Jii^^^^«i44~ 148MHz. ^m^&MMt 

■^250W. WM^ltOdBm (@146MHz) . m^'^it 
+ 4.5dB (@144~14a«z) . Ai^-f >f-i'^>^{i50 

(^^20) 

©ff^-ceje-r-s*!. masio*^6ftMtcr6]*i^A**j^ m 20 

:t»©— g|j*srse 3 ti-r {cSiSfcR ^ r < s c i «:«tt|c-r 

■So c:n?:Ei5<-/cJ?>(ce3l^tc3fe?iJ3?.«il:^J(clffiX« 

e#^£tifcdi>. }S:Am:^»i^r*?gfr?iB3n5ciK: 

3t!:»g^-Cli^^S20i U-Cf^^W^C 3 - X ^ 

^2(*i. BMiaPI«^i3t|nI0#14'f >f-3^>;=c©i 
eiili^2l*^6 3*©;^d'^22. •••?:9f5£H|iS«rR5rr^ 

SX^7'22>&1t^-r^ejll^©!mi^>f-:S?'> 

;^ ^ Buf Biesii^2i©l$tt -r > f - 3!' > tc^*DH±-c z 

22©rt^ft23<bJ^^ft24©raK:». -e©«i:&t6jtCji«l)Pj 

«l^j:P3igfffJ«(**»e.iS:^^i^«:25=S::^SlU. ^*&i*25 
«. >'Sji-;^*-^26K:j:-or[5]g$n.Sfig|ft27«:4I-&U 

3j ^22©s$ 4iagp 

^>x*Zc, .■^.c*'e>:ftM©:*3^mfci#©-c>f-$r 



Zc' irSi. 

Zc =Z 



Z L + j Z 0 tan kl, 



Z 0 + j Z t tan kl, 

Z e ' = j Z • tan kl,' 

^^cs. cc-c. 



k = 



2 ;r 



A H 



x$>K>. A „ « c ©i^8S*eai-r -5isfflj^©jg^s-c* 

•5. 'i}i^X!^.Cj:*)MMt::^^y<Dmi3=^mfct^<D-{ 

Zc Ze ' 

z, - = 

Zc +Zc • 
Z b Z b 



Z b — Z a 



z b + z 



Z e + j Z 0 tan kl a 



Z 0 + j Z e tan kia 
Z b ' = j Z 0 tan kla' 

Z. Z. ' 

z. - = 



z. =z 



Z . + Z . ' 



Z b + j Z 0 tan kl J 
Z 0 + j Z b tan kls 



Z . • = j Z 0 tan kl,' 

-c*^. mm. .•*AJ;0:ftmffl'JK:«2.'' ^c?.*?^*^*^ 
cl;'5«:B;t'i>c<!:«:/ci:-5>„ ^CT-. i/ . i,' . i/ 
a^CCjS^CitCfeO. EP%^*&<*25?:ja^^j:{4SiciS 

^e-rscitcjro. z.' =z,fm«. 'r>f-d<'>;;^ 

fflSag^<gtfcl46H«2©®S©4^^ (I03an) T". C©ffi 

joo-c^)^. *fc> #;^^7'22. • ••»A/4©rBlPiri2g 
snrci^). iiBg©{^ffljc*scir». fiiBiiSjajg^iSio 



(8) 
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16 



ii-fflijRtiiiS3i©tt:i^it]W^=SriAiii:3^-rsR«il 
ig33'^ifiit:rri5iwmcrtfflijnifflM34^5ff^u, itF^ffliin 20 

1till34©rta?:&m-r■5.ttl,C^RSIg35^MiBR^33^C 

•:f^m.^m®-ri>fcibicf-yu>>-- V 36 (it 
iis*£. = 2.o) AL-cc^-s., ^/c, BirieJl-ffliJoR 

fgiig31<i;l^ffiiJ<DRlSiil34P^{C» U >^t>i©3®MS37€:2g 
i|-r€><b<!:^>{c. K^*S®37=&i)Sg5:R3«C-Cllli:^|SlK:^ 

BUiBS$S« 37(C@S U R«li32*> e-nSPCC^a U 
«SSf<DSIf'Fff 381.- t . S[«lf'Fff381^itife-r ^il^«3 
82i. g[ai^382«:4S^-r-5ti«>lC. RSM32(C5£ 30 

Kiagi5tS#383*|51fe$-B:-5)C<k-r. sif iBi*^« 3 82Rt>' 

«i{^ff38i^/MyTS*&«37=&fiii:^r^(c=^i!>s-B-s©-c * 

XV Zo(r)I 

Y(r) = 

V(r) 



-eor, HUlB4''C^RSli35©4''WCR^33>&l! 

fflL/M-oigRSIl33K:^il-r.S c iAj: < ^ifflS® 2 ic 
m)E*«it&-r-s>a -:' K39^jg,^L-cci^. jg(c. mrtas 

^or. l^4 0«:n^r*P<>f''C«tt*»P>F«3WJR|giS34© 
i^B$-r©*S=£: r , . nfll!JRIglM3i©F«iffi$t?©¥S 
^r,iU. R«lg33i^$gS37©Pa|5g*b.<!:U. 
C?!|t?W2 r, =486.6nim. 2ri=100itin. b,«Ax = SSmnrfC^ 

115 0 (b) ic^<Dmmm^^^si^-ci.^^o 

(c±T©R^33<h@*&«37{cj:or?*i^. ^ct, 

U h 
Zo(r)=/"( ) 

£ 2 n I 

Sr ^C*jW.2.T F 5 V >XY ( r ) ^. eaili^8§©# 
ttr F 5 $>XYo ( r ) ( = 1/2, { r ) ) -CI^U/c« 
^^bT K 5 vHZ^X-^ ( r ) ^rSSTS, 

(r) Y (r.) 



Yo(r) 



ccr> V(r), I (r)tt. r = rfcfci^smjl. >x^»iX©<i: 5 «:a-i±^>. 

^ j + Y (ro) r (x, y) t (x. y) 

Y(r) = 

GCx.y) + j Y(r«)r (x, y) 



J ,(x)No(y)-N,(x) Jo(y) 
t (x. y) = — '■ 



(9) 



m 
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17 

G(x, y) 
r (X, y) = 



18 



J i(y)No(x)-N.(y) J o(x) 
J ,(x)Nt(y)~N,(x) J ,(y) 

J o(x)No(y)-No(x) J o(y) 
J ,(x)N.(y)-N,(x)J ,(y) 
x=kr , y=kro 

-C*-S, CCT. 3. (x) (x) (m = 0,l) «. 10* iJS-So 

CT> r = r.-C®i^^^L/TC^-S^>>T;H2JII,«SS^ r |5]3§<J:0 > C<DitJiSttpAd:S^tttT F 5 ^>;^Y 

= r-C^fci^©m*SfbTF5 (r) a(r)i,Y/ ( r ) ^Jt-^pg0SSiM[iIif§*^M^U 

Si. Y (ro) =«>J;D, fcflJi^f-^-CC^S. S/c. ^^gl5©*S^T K 5 > X 

f ( r) =-it (x.v) .iB,«^X©J:5K:*3ns, 
tfjr-S, $/c. r = r (r.= 0 ) ^rm/ct 

J,(kr) 

Y(r) = - j 

J oCkr) 20 

Y(r)**-jkr/2 ,kr< 

B , 



* 



2 k b , 



Yo' (r,) 



In 



TT 



e b J 
4 b 



B. Ji(x)Yo(ri) 

+ t (X. y) =0 



Yo' (r,) 

B , 



Jo(x)Yo' (r,) 



b J X 

+ t (x, y) = 0 

2 b 



Yo' (r,) 

titeD. m(Cdf-i'-yyh ( r = 0~r,) tctbSIS^e r ★WV~£,f&tC!a:*. f 7"brt©S:S^C <fr 

Oil«i*«r»A0/cJS^. >t-5<'>;^2. (r) ★ St. 8«^©02^W. 

Ji(x)Yo(ri) 1 

• CO C 



J o(x)Yo' (r,) 



Yo" (rO 



1 B I b 1 X 

+ e r t (x, y) =0 

^ a , Yo' (ri> 2 b 
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.C,<D^-fb«S!tpF<i:ma4>6n-5*>6. §aQ,?:100~300 

()SIE^S40) 

»nxfflm@2«. ttix©afflK:j:-pr^t>2.4j©-c$) 20 

0. WBrttlX-rSlS^tc«'7>f-\'-2a*Sffll,»6nS. ^ 
ur. B«i2»]Xffl«@2{cw. mfiB^?I^JiS3(«pe>iK5 

^R^T'JSE&^43rtCC^*^nfcmiI«*&ffl©CI K39*5 

Kzsn. sfdSit^S4a*g^t63nt:(,^i>. 

*ll*fi^-C». J5lL.ffS40{*Rtgft#;©^S2t!:f*42O± 

T{c±^43iT^44;&5B?f^C:f6n. TM44«ByfB^rl^ft 

^30©R^33^«tfflU-Cli-2>, -eur. TS44<DF«9 
ffifCttite«ltt45?:/h b r -7 ■V' 0 JIS46*St9:W 6 

tt$&g|5461<!:K«iii&g{5461*^63il6n.5 -7 -C -\='-2a©^# 
5X0 K7A?:Wr^|51lRgB462*i6&i3> ^7-ri'-2a 

^•r -&3fi:t»ft723!»s^w ?>nr o 
'r+'-2aic*tL/-cgiS:^u < »illP^t-^:^[6]K:^<i3-a- 

Sin 0 s^g 5o*sKmt 6 n-c c » -s . 

IBfc. S^*f*42©JlHtc»7"5'X-7©^i1^SSS:(y>' 

»nxt^® @!i-r i> tc^<Dm^ m47ifims.m-f 6 nr c ^ 

40 

jgjc6:yx©^A*^if^€)J:^K:Aj:L^. |g«:**X7 
■r-S/c*tc». JSl&i*. «t4©56(,>jSlS*';^?rS5Ci 

(iHO^Sso) 

ino^gsoi*. «tt]Xfji**nxfflSS2{cj^urs 

iSX«MPBl3-lf-5/cii)©4>©-C. tei*'3^g50©T^© 

^lbgP5i«st&M4irt«:(4Si/. "^ro^icmax^ I so 



^f¥2 8 1 6 3 6 5 

20 

^rixme^T— v^52*^afesti. -ei/TigttgpsiRo' 
o /ct^arax^ 1 ©ill 0 » . mm^^miso-c^Mmm u r i ^ 

•5. 

*bT. mix^i i»nxffl^@2i©rBipg, nmm 

X+* + y 7" d » =1^' -f 73-Ct^^ C T . BUia^lJ® 

JIgsoic -r ^• ;^ * - 54^mw L . HFfSiPi©Jjnx¥ f 

2|s|Qfet^©*' 'j^-ti^ yiia©:tf h 60 
IS6Et£:7j^u-ct,i?>. HJiBJgfc:;S4itc«, jgtK^/x 
xK^-^eit ^R§i4*';^ d<>^62*> 6^n-enifefiti-63 ,6 

■Smite. JS)CSS411*^*0.1TorrmKS-eS)|4lEUr, Jg 
;c^4irt©^?rgfm-r-5>*5, ^n(C«>'>';Ur^65^/M^ 

-ca-^ u -d<>7"66-ci^JEL/. i;/c;K]cc:;^4af*3*s i ^ 
)E«Ji©jgi&;yx^-c3fE?®b-ct,^s«^«:«. mils 

80-Cgf«S triage Djtg^c "J - :5'>'N';l/ >^67rSlC:^7X^?: 
gfHiU. Sl&S43rt©#H«Mf*©JE:^>*^M©ffiCcK 
S-c*^J:5{cO-Ct»4. */c. Hfliaai»)igg50©-<a 
-X53rt©I£;'3». X7^-i^52©{4gS:^^l«fflStctf 

<. ^©/^:^i)^^*'X^^^>■<68*>6>-'^'-'^:7'681,682^:/^ 

r^682i>'^•J^:/683?^aDr a-:5? y-^^r^'eeXfiU - 
-X53rt©JI;^3 <bSlSS4irt©l£;t)M«^BEti-74-c«|^ 

^682 ,683*5flH*lJ® bTl> -5. 

SlS**XiL-C«. SFe. CF4. H.. ai^7&Sffll<='6 
tl. :T^S!t*fXtU-CB. He,Ne,Ar^*SfflC>e>n-S, S 

■9-70*^6©ft-^^SWC^*^3e5nfct^gS{C3S.S«J: ^ 

II7S«. it;sa?®mo©tB:t>scF*©ajg»*s«J8P 
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" (Dai:^ft-^?:St:t/c$lJia)Sg80*s. ^mUtcta^t'Ctj: o 
r t » -s *> ^ *>%#|J»T b r . iS^filtc aj: ^ j; ^5 ic|%lis 

ft2 5©fi[g?ril3gp-r -5. ©r* S o 

9jkox{,^i, m^^m.5o\t. -'>-;ux-=&-^f 54?ri5iiK3-a- 

-C|g«)8l5 5r^^m$-&. L-C^IE«lg|55l«:-C^S»nXiBj 

1 ?rTffiic@SLfcXT-->'52;&JnXfflm@ 

■So cct?. *nx©3t?fi^K:Mttix!^i iSnxffls® 

2©raPS. EP%ttlX+'+-:':/©iaFld«^lt-r4©r. 30 

-?-©^Pi?r¥i' •:':?'-fe>if73t?t^ffiL'. *©«-^?:flJiS3I 
^S.80icXt>UXi}aJ:=¥ -v •>7*d*^io~200iLtm©ffiH 
rt©^fii«:^Cori>?»*>i-^3!p?S:W»rb. HofB-'^VU;^ 
*-^f54K:iElteX«il^©:^[6]ft-^syfl5ilK!^ (Isife 

ft) ©ffi-^^©Jg^m-^?:A;^»L.. JnX^^* •:;7-d*iS 

tc^^fiicc j^c .5 J: ^ k: T ^ ©r * ^ , 

micmit. sa^;^EE©*ij(aiii8S®3/'o i'sr* 

5j<>-^62A^6^sit63S.o'8feaft64^jiu-c -en-en*' 

X*5«i!i&3n. Kjj£Sit63RO'ij£M:it645:a5*';^S«: 40 
mB-ri> C <!:{Cck-:>-CSft;M41©^ffi;tjRafS*'>^©^ 
JE?:t^-r^©r-*-5.o a7SL/fc4>©«. zJSSH-63,64 

i ■eti-enmsii'' ^'esi , 641*5—^ tti-Dfci><D ^TTi 
i^^cSlb-'^o^:/63l.64li*s^^^i:*>-^fc*«. ^SH-e 

L, -?-©(l-^{c»-:5tjr^ibM'jU:?'63i,64iK:<t-^^M 

0. gamsi'Pi/-cistt.^4irt©*'xffi?r*iJia)-r€)©r-* 

jll«3$^50©'^n-X53rtK:»pra©iP<^ 
;tltBS-g($-i±i>J;^tc. Sf6S4i<i:itO$^S50PaK:M 50 



1ti*2 8 16 3 6 5 
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Eit 74A5^W 6 n, i^MEW-74*^ e.©{t^>5rSl:f 3t§iitap 

a-;wc;i.:?'682,6835:ggH$iJiai-r-5©-C*2), i^. 
•3 ilS50©|gttgi55i«: ;</x©EE:^3ll-c^ 5 -a-S ^t*!* 
S^^^SfflL/c«^tc«, BuisaiEit74iW-a-cjM0 

^g5«C|E:bit75?:gf^l/. Mffitt74<i:ffi:^3it75CDm-^ 

*swrsij^S803!»ipfii«:-€-nic:*/x^et*&-r -s =1 > 

h n -J^/^'J^:?'€:IH&1^|J^^T-5©■T?&•S= 

iaj|5|88©^a y i'S-C*-2). '7-f'-t'-2a». 

•3^g46©««&gi546i*>6.iHURSi5462{ci^«)aie>n. -en 

-en©PBi(c5R6 n -7 2a©^mgp^t?tsj]nx4?3 1 ^ 

^Ji(±©5I;^-C\ i'-2a*5BiT^LJ^jCi5g;'3JWT'«:^ 

^■r D , ^n*®:^ffi-72t?«^ orftijtaiiia 

g46©|gSi)*-^**lJtSi-r-S<i:<b4>iC. y-r-V— 2ait]S 

i&;tf;^(cJ:-3t:a6^n-5©-r. |glli*-^»©lHll©ISc'Sr 
gp^^sw 3 •a--5©f * s o 

(3) fJ^^i^^g 

(iis©ii{DS) 

0. ^m^w^ 3oRo'jat;ss4o«^ < isi g -ca^ o-c 

;i< 'J v >'> i^'^gBJ*. lll2S(Cii^rftP< SC&^40 
rttc, Xr— i^52«:@^3n/c^Bt^©1SSJ]nX^ 1 i. 
T^44{CflX#Wft:iffilBt^45{c@S L/c^Bt«©»nx:fflm 

iS?g^fii!Siia S^2oSo'^?ll^^iliS 3a€:jl L "C M 
m)E^:En*nb. JjnXfflmS2©a^-C*fX«i^:3.^-:, h 
60K: J: o rSjc;M4if«3ec«*&$ n/cSje*';^ i^rSI*** 
x©il^#H^^<*K:»-^<lSlI:7-^X-7$r%^. 

;^;;u<i:is»nx!B) 1 <Dmmt<cm-rhm.A^m^^i:. (Dmvi 

*bT. ttJinxi^i ©^[B^^?tikt-^4>©-Cdb^, s 

fc. j^ojggsornsjrax^ 1 i*nxfflm€i2 icDPaiPi?: 

3S0-r S C itC J: o -C*nxai$ «:^{b5-«*S C <b *SBjtg 
Sfc. »nXffl«e2<!:l/T'7-('-V'-2a<Sr»X 

til ©*nxSK:^turW{c^3E-r.5c<!:«:ckr>-r. ^ 

®»nXf ^ C i ^) nItgT-^>-5, 

-<^. 1^. *'^f--f >y^aAtisi-«teR«:ttisi— 

(jilOSiaso) 

j||»3Sia50©>^7^-i?52«. 0inO^C^>KSbgB51^:/^ 

0-ca^©-'-5il'X^- 5? 54 , 5 l4iSipDJtfe<t '^c 0 . 

mausii 1 i»nxffls® 2 <b©fflM{4ffiWi?5i&. 



C12) 



8 16 3 6 5 
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-cxf^-5^52tcit«j:^j^fl«j:ft<gi&i^^L> ^ni^m-ri> 

;<7X j1<>'<61<!: ^tt^^fx jK>-^627&^ 6iji£att63 .64?: 

f^. JSit;^4if«9«:«^-r^®r*s. 

lll4S«, Sa;tf>^E:^<D*IJiaiI5I5§(D:/P i^ll^^j^ 20 

it63 , 64*^ i^<Dmn^^i.i tcum^mso*^ 6 . ^eo^mm 
^-nvu :/63i , 641* pafrmf'p-r -5> ©-e* s . 

•:>rx-r-s^52«^(i-r^35^< c©^{4**iJiai-r-5/cJ6 
■7-l'i'-3^«5«S46t3:. ■7-<i'-2a=Srj^€.Ci»^^. 

$lg46i^N-;bx*- 54{cM^*A;^ L/r-e©¥^f 

2cDwa*«iai-r^>+> ->'-7'^tfe-fe>-9-79{i{i^-c 
(4) jjnxfflme 



?c5?>yy^7">«, -7 ■:.S{cs*Lrs^(c^A3n. Jin 

•CfjilK W:fttt*t*4<kU-rm4^®lSCXIS4*©2{C 
-^ffll^ :^7X#Hm«He (3^)1) +SF. (O-l^ff) 

■c. jraxB$pa«2o-3o^3--ci]nxiiii*^f'>/c*£*. aio 

C©«{C (a) (mm4umy i (b) 

'C:t>-7*U— r -f >y (MJll Mm) {cJ:-p-CAl*=i- 
>yo/cli'7-r (50iitni<i)) <t. (C) 

-< >i^5:tf-5rt^^i:c»^'7'<-V'-%«uriS'^fc„ 

He^rlOOTorr. SF. JgrlTorrfclTi S^75W. 

B#FBll205><hbfc„ ^©M*«lgl70tC^L'-CC>-5.. C 

B{3:7 >?3SCc{g3n?Sti-CCi2) (^170 (c) ) Al 
(a), (b) ) „ cnJ;D. Al©3— >i^>S:tf ^ 
Jii±U:J:«3. ■7-r-t'-JCK<=>r»llXfflM2©^®tc 

Mi-Cr Mp. Ml. Ca. Ce. Ba. Sr^^^abO. ^MJkOR 
fC-*f:^l'C>ciOXit. T1, Ni. N1-Cr. '^>=i;^;U. -t* 
;U, i^5:7T-C h (C) ?:fflC>-SCi*5-c#S, 
S/t. m@©=i--7^-f >i^«:Miyr«. &MMS.<Dy 

^t. fmit. y fib. ^<b) (^liTctg 



(13) 
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(NaHF,, KHF,. NbFs. BrF, . IF, ,HF^) XW^-ftigJ (H 

<i:fcpJ«g-C*.-5,. 10 

( 5 ) ijnxi^t* 
(*nxffi©-jisa«j!Rfi4) 

L- . * /cUnX^^gpcD*® *I 3 ^ 3? 'J X 7- ::^-ca'M U 
/Co lll80tC». ttlX^iUTHegatm+SF, ITorr.m 
;>3l4W.»nXB#Pa 3 ^. tinx+' f V V20U m i b/cti^© 
MLm<Dm^^7nl^ . |gl9S{C {JftnX^ i O r He3atin 
+ SF. lTorr,m:^334W,t]nXB#rHT3^, SnX+*+ :7*80a 20 

miLfcJS^®Anx?tsa5®^®t^«8?r^orc^^. -e 

^tLrHigBJC^i^b/cfecDiRlfiKCHeSatni+SFs IT 
orr,«:^34W,ttlXBi5FPa 3 ^. ttIX+> 7' 80m m i hfc 
l«^cr)*nX?t%Sli^ U /c^m?rlg20^ {C^ U ri ^ S o 

c©^*. jjnxp<Dgflpi|ii»'7'ri'-«@®ii:S50M 

m©llg2^g©lOO*im?ie-C*»3. *©ftnXSlJ£ge©* 30 

(#H5t^<*©^ic cfc s/jnx3is©^{t ) 
ftjxiiStt. tssnx!^ 1 ©ttMfc^ofcSHSiaf*© 
-e©BE:t>. i9:AS:^. »nx+> -^:3'^{cj;or 

Ha»»©3Sf?-e*s. 

-ec-C. Si©JnX^r. j5f£::*:f;^iL-CSF.5rffll,^T?f 

Jt). 5trHe> Ne. Ar<D^^©tta5riS'^^fci*{C'7-Yi' 
-•gg© $ *3 'J 7*^X^5:^^. m}$-r^©tCi£Jvgj:c 40 
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He 


23.7 


17.8 


Ne 


16.2 


5.7 


Ar 


<70 


6.3 



: 3atm 

■7-<i'— *S:Ni— Cr 50fto^ 

< ©«;^*^i!£«r* 0 . Ne»^©ffi-C'^i, *S}#i4.oc 
©^^«fflitr*-i)*5, ^©lt}#»^^K:^f^^c<i:*^ 

Wofco C©«|SjWcn6©:</;^?:®^ly/c»^4>Rli; 

-XiC. ^rStt;yx<!:SFe©?g^^(**fflt^-C. PSSi 
(J;kffita0.ai~0.02Qcm) ©i]nX4tf->fc. ■7-^-^— S 
@{3:Ni-Cr:50Mm*©4>©^fflC^ JtjnX^P^«4~6 
JjnX¥ -f :7'»280M m t L//ciS^©J]nX{c*ji,i 
:Rg^:</x©aS{cJ:-?-rJnXjSe[*s^<b-r.SCi 
%ii6««c^-ro m:^<D&xmt}it. ^n^tKO-^'y x 

(^X^:PSSi) 









Ne :3.0 
SFe : 0. 1 


31 


OA 


Ne : 1.5 
He : U5 
SFe : 0. 1 


50 


0.5 


He : 3.0 
SFe : 0. 1 


73 


0.9 



^n^nmn^u'prj: < . ^icit^ui'^micj: <o »nx 

itm^ithtm^hiai,, C©*SlftfCj;0. SFs©M 
JSae=S:l§Ci-/cA«:WHe©:3?*s®L/Ti,».2>Ci*s*iJ 

Ari Ne-C(*»OXjiS(cMW/j:l^ C iA^^iJo /c, 

*/c. ItoXjSma. ^^SlS;</X©«ffl{Cj:-:>r4>i5 

BuiBiaia©»nx^ff-c. mxi^tixtvx. 
SF»©R*5«3«:a,^fflt='-cPMsi (J±S$io.oi~o.o2Q 

an) (DjiaJim^^'iT-^fc, SAm:^»14,VC, ^©ffe© 

^»:^<i5i;r*>-5.. -e-cMS^sF^itbgJL-cm? 



(14) 



mf2 8 16 3 6 5 
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IS 7 a Si&jyxcDMSlci: 
(WMrm : PfflSi) 





lIDXiiS( Mm/Bin) 


SFs : ITorr 
He :9atii 


3.7 


CI2 : ITorr 
He :9atn 


-0 



10 



/c. SF.{CJ*U-t:He*sS*>ftnXtl**lS*5C <!:»««: 
SHK:j:oTa,®:?^3&sttliaS*sffi;< J^j:5. 

f.i-rfm=s:m^fCo flnx^^ + ^ :/?:2o~i8om m t mm 

fi^CC^^t^-ti-, — SS©SF, (ITorr) CCS^L-THe^ 1 . 

PMSi (l:bffi{n:o.01~0.02Qcm) ?rJnXL/fc. V 
-V— fi@W50/x m © ^ > i';^ 7^ U /c. 

c cDJDXo^*. l*ft]X!^©«ffi(c -e # fc^raxruoiti 

<!;BE:^3©^^^02l0(Cn^-r. C©B#, 7"5Xv»l^ 

'7-fi'-s«i. «flnx!B}n±'C5fet>n-c»5><«?^{c 

:»r>it,^/cJt>(C7-^Xv;&iNB^r#):c<^cO. 
*nxwa{c:»:?"^X-73!>s??a-a-r. :/-7X-^WJg-©S*D 
D©sr^{c#aur*j 0 > -e©/c*ttix^ii*5jA< 

xv»:^^> r7*rtw:*ct3-r •Scfc ^ 0 Jnx«^«/h$ 
Htc+> -^T/^itEjis-St. r^^Xvtt3EK:'7-f 

)I#H««: *jt ^ r » c ©fig©m:tir y -Y - s ^ •? 
©mi?«tf /cC*-c»7*7X-5'j5i^^T'#!&: < ft 0 . -e© 



20 



30 



28 



■7*©!5'lt^ffi'J/cl^-Cy^Xv*iffSEL.-Cl,='/cfe 
©iStotl.5, C©i*. 7*^Xv»+> u/^'SKiacp 
0Tt>-5 C <!:J&i6JnX?«iH«J»l^7i^ =1r + Zfifimt^Z 
(c-:)nrmi?©***^il>ft < ft 0 . :/^X-5'»^!-©0l^ 

?rj«ii>3-f±ftA5 6^ffi©^r--v^ai)L/r«9)*. scc»px?« 

m*iyk< fto/c©-C*-2>„ 

m22ia»iirfB iig D^-cjnx U3t»^©gii3 :^rr^© 

SnXjie?r«'J^Ufc^*5r^U/c4>©-C*-S>„ i^^SWtC 

^r^^i' 7**^jA*5-5>tc-:?*a-c*nxjSS*^j^ii>urc^ 

cn»7-^xv©sctig|}^*siia]nxiBia®*^6iiin 
-ci» < {cse^r. ^!SJnx!ej^int?©7i^:<7->i'Sgs*5?«^i> 

?l^br<S/c*« ijnXjSa[36SfiTt-S/cd6-C4)-5. L 

3aBEi9aff©JnXalS©:*:#$CcMK*5M6 
^■2>C<b*^6. v 7*©ifeC*<!:C^r«9SUI©:^i&5 

72^*ji/!ge*iiS< fto-ri^s, ^tittSffiimx^ 

P5©^i^*;l/25S«, Sto«3©7"^Xv^«t*>60S£t5c 
(cj:-ot:i?i*0. 3^E#Ha-c«7>':*7JU^S*m» 
35^. gMJE^Ha-ClJ^-^X-rMW^r-f 7'F«9tC«tfi 

*5|*<ftS«cfi£ot:. jjnxjiS*5®T. ^u<«^«io 
rc^^j; -^tcm^-s*^. cn»7''7X-7©??ffi-c#ftt» 

fte>-rite^^-c4>*nx*-r-5ci*5pjtg-c*J5. ^©i 

r^*280um. ftIX^ra*4~6^{CS3eUt:ftnX«:ff 
ofc^^^rHSaccTn-To ^©ffe©SPX^fr«aitJ«:ia 

tS8S t&»mSiO,)A]X3rtg 



40 







SDXSSC ii m/ mm) 


SFe : ITorr 
He : 9atiD 


30 


0.01 


SFe : ITorr 
00 :2Torr 
He :gatB 


34 


2.7 



50 



siQ, *+^ccttixt:' # c i *^lliE3 tifco 

ft^rii. *nxas»PS'si©ti^j:»j4>/h3 cn 




(15) 



29 

X^lC^ffi^-W^^r^tjn-Ci^^fcTis. *'x:7P-^tf 

UTCi^, JJtlX^frlJ. He:10atm. SF, :0.1attn, ^ia6 

OW. JjnX^ral»3:9-. J]nX=^^> 7'«ffifi:±800y m i 

»]X3ie»5Mm/trrint?*S. C©ife»^. 
p - ^Vi o rii /j: i, i|gi90RO'|| 200 tc^i^ b /cM^ i ib 

j&i, :y;^7P-{Cj;or*M©|*JifigJtt^t<^cO. 
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